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[57] ABSTRACT 
An ‘apparatus and method for culturing cells includes a 
waste removal and product concentrating loop in 
which waste is removed from the medium and product 
produced by the cells is concentrated for harvesting. 
The apparatus includes a reservoir for retaining a sup 
ply of medium. The reservoir is in ?uid communication 
with a cell culturing loop wherein medium ?ows from 
the reservoir to the cells and back to the reservoir. The 
medium waste removal and concentrating loop removes 
waste components produced by the cells and is in ?uid 
communication with the reservoir such that medium is 
transferred from the reservoir to the waste removal and 
concentrating loop and back to the reservoir. The waste 
removal and concentrating loop includes a device hav 
ing a semipermeable membrane. The medium flows 
along one side of the membrane for selective transfer of 
the waste components through the membrane. A mech 
anism for selectively producing a back pressure in the 
medium is included downstream of the membrane and 
aids in transfer of waste components through the mem 
brane to remove the waste components from the me 
dium. 

18 Claims, 4 Drawing Figures 
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APPARATUS AND METHOD FOR CULTURING 
CELLS, REMOVING WASTE AND 
CONCENTRATING PRODUCT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 
The present invention relates to a method and appara 

tus for the culturing of cells, and in particular, it relates 
to a method and apparatus wherein the waste produced 
by the cultured cells is removed from the medium and 
preferably product produced by the cells is concen 
trated for harvesting. 

2. Description of the Prior Art. 
Perifusion culturing systems for the culturing of cells 

in-vitro are well known. The cells are fed nutrients and 
other factors using medium which is transported into a 
culturing chamber housing the cells and then is trans 
ported from the culturing chamber. The medium which 
contains nutrients and other factors is expensive and 
consequently such systems recirculate the medium since 
nutrients and other factors in the medium are not com 
pletely used in a single pass through the culturing cham 
ber. 

In addition to using the nutrients and other factors in 
the medium, the cells secrete waste products, such as 
lactic acid, into the medium. Over a period of time, the 
concentration of lactic acid builds up and has a deleteri 
ous effect on the cells. Waste products may inhibit a 
desired function, promote an undesired function, de 
grade or consume the product produced, or “kill” the 
cells or do all of the above or any combination of the 
above. . 

Typically, in the prior art systems, a batch exchange 
process is performed manually to replenish the medium 
with nutrients and other factors. Any product that was 
produced by the cells (which had been released into the 
medium) is separated from the medium by removing the 
medium and then performing a separate process to har 
vest the product. The process of removing the product 
is costly and time-consuming. 

SUMMARY OF THE INVENTION 

The present invention includes a method and an appa 
ratus for culturing cells, removal from the medium 
waste products produced by the cells, and, if a useful 
product is produced by the cells, concentrating the 
product within the medium for harvesting. The appara 
tus includes a reservoir for retaining a supply of me 
dium. A cell culturing loop in ?uid communication with 
the reservoir includes means for pumping the medium 
from the reservoir through the cell culturing loop. 
Waste products produced by the cells and any useful 
products produced by the cells are released into the 
medium and the medium is returned to the reservoir. A 
waste removal and product concentration loop is in 
?uid communication with the reservoir. The waste 
removal and concentration loop includes a device hav 
ing a semipermeable membrane. The medium flows 
along one side of the membrane so that waste products 
transfer across the membrane while any useful products 
produced by the cells are retained in the medium. The 
waste removal and concentration loop also includes a 
mechanism for producing a back pressure in the me 
dium along the one side of the membrane to aid in the 
transfer of waste products from the medium through 
the membrane. 
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2 
In use, the cells are cultured by recirculating the 

medium from the reservoir through the cell culturing 
loop. When a build up of waste component occurs in the 
medium, medium is drawn through the waste removal 
and concentration loop from the reservoir and is passed 
alongside the membrane for the transfer of waste com 
ponents from‘ the medium. The mechanism to provide a 
back pressure is activated to further aid in the transfer 
of waste components from the medium. Any useful 
higher molecular weight products are kept within the 
medium. The cycle described above is continued until 
the desired degree of concentration has occurred. Fresh 
medium is added in the waste removal and concentra 
tion loop to replenish the medium removed and the 
higher molecular weight components and useful prod 
ucts are ?ushed back to the reservoir. During this 
phase, the back pressure mechanism is adjusted so as to 
stop the concentrating process and allow higher flow 
rates through the concentration loop to help in flushing 
any lodged higher molecular weight components or 
useful product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the apparatus of the 
present invention. 
FIG. 2 is a diagrammatical view of the present inven 

tion. 
FIG. 3 is a cross-sectional view of the medium reser 

voir. 
FIG. 4 is a sectional view taken along the line 4—4 in 

FIG. 3. ' 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A preferred embodiment of the apparatus of the pres 
ent invention is generally indicated at 10 in a perspec 
tive drawing in FIG. 1 and a diagrammatical view in 
FIG. 2. The perspective view of FIG. 1 does not show 
all of the elements of the apparatus. FIG. 1 is included 
to illustrate a preferred physical arrangement of certain 
elements of the apparatus 10. The apparatus 10 includes 
a reservoir 12, a cell culturing loop 14 and a medium 
waste removal and concentrating loop 16, as best illus 
trated in FIG. 2. The reservoir 12 retains or holds a 
supply of medium 18 which is used to perifuse cells that 
are being cultured in the culturing loop 14. 
The present invention is not limited to the speci?c 

embodiment of the culturing loop illustrated in FIGS. 1 
and 2, and any recirculation-type culturing system that 
draws medium from the reservoir 12 and returns me 
dium to the reservoir 12 after the cells have been peri 
fused is includable within the scope of the present in 
vention. The culturing loop 14, diagrammatically illus 
trated in FIG. 2 and partially illustrated in perspective 
in FIG. 1, is also described in U.S. patent application 
Ser. No. 65 8,548, ?led on Oct. 9, 1984 by Harm et al and 
assigned to the same assignee as the present application 
and which is hereby incorporated by reference. 
The cell culturing loop 14 includes a multiple channel 

pumping section 20, a heating and gassing section 22 
and a plurality of cell culturing chambers 24 positioned 
in a retention well 25. A supply conduit 26 made of 
flexible or rubber tubing is used to supply medium 18 
from reservoir 12 to the pumping section 20. The pump 
ing section 20 is preferably a multi-channel peristaltic 
pumping unit which provides the motive force for de 
livering individual streams of medium through individ 
ual sections of tubing 28 to the culture chambers 24. 
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The heating and gassing section 22 heats the medium to 
a preselected temperature and adds gas to the medium 
through the tubing walls. The medium ?ows through 
the culture chamber containing the cells, perifuses the 
cells, and then carries away the waste components pro 
duced by the cells, such as lactic acid, and any useful 
product secreted by the cells through tubing sections 
29. The tubing sections 29 are ?uidly connected to a 
manifold section of tubing 30 which provides a return 
for the waste and product containing medium through a 
common return tubing line 32 into the reservoir 12. 
The particular culture chamber 24 that is used with 

the present invention is not important. Preferably, the 
culture chamber is a hollow ?ber cartridge device, such 
as is described in US. patent application entitled 
“Method and Device for Culturing Cells,” Ser. No. 
789,649, ?led on Oct. 21, 1985 by Martinez et al and 
assigned to the same assignee as the present application 
and which is hereby incorporated by reference, or 
which is described in the Knazek et al US. Pat. Nos. 
3,821,087 and 3,883,393, or a closed-end loop-type cul 
turing chamber sold by MicroGon of Laguna Hills, 
Calif., or any similar type of culturing chamber in 
which cells are cultured by perifusion. 
The culturing chambers contain hollow ?bers that 

retain the cells being cultured while permitting the 
medium and any secretory products produced to ?ow 
through the walls of the ?bers. An illustrative example 

_.of a suitable pore size is a 2,000,000 molecular weight 
:cutoff. 

In addition, cells of the appropriate type could be 
i .. allowed to grow in the cell culturing loop or in the 

' reservoir without being constrained in any type of cul 
' turing chamber. However, the cells should be restricted 
from the medium waste removal and concentrating 
loop 16. Because of high shear that is produced by a 
back pressure mechanism (described subsequently), 

. cells which enter the loop 16 could be damaged. Fur 
" thermore, it is generally desirable to have the cells sepa 
rated from the product, when harvesting the product. 
The culturing loop 14 also includes a bypass tubing 

1'section 34, a two-position three-=way valve 36. The two 
position three-way valve 36 is positioned at a ?uid junc 
tion 39 of the tubing section 34 with the tubing 26. The 
two-position three-way valve includes pinch valve 
component 40 positioned to pinch the tubing 26 up 
stream of the junction 39 and pinch valve component 42 
to pinch the tubing 34 upstream of the junction 39. 
During normal operation wherein medium is circulated 
from the reservoir 12 through the culturing loop 14, the 
valve component 40 is open and the valve component 
42 is closed. During a waste removal cycle or a product 
concentration cycle wherein waste is being removed 
and the product is being concentrated, the bypass line 
34 may be activated to isolate the cell culturing cham 
bers in a recirculation loop that bypasses the reservoir. 
To activate the bypass line 34, the valve 40 is closed, 
while the valve 42 is open, recirculating medium 
through the culturing loop by way of the bypass tubing 
34 while preventing ?ow of the medium from and to the 
reservoir 12. The exact valving mechanism to produce 
the recirculation loop that bypasses reservoir, is not 
important. For example, two separate two-way valves 
could be used along with bypass tubing section 34 to 
produce the same results as the two-position three-way 
valve 36. 
The culturing loop 14 also includes an innoculation 

port 44 which is used to innoculate the culturing cham 
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4 
bers 24 with cells at the beginning of a culturing cycle. 
Once the culturing chambers are innoculated, medium 
is passed through the culturing chambers to maintain 
and grow the cells. 
A ?rst sampling port 46 is included on the supply 

conduit 26 so that medium being supplied to the culture 
chambers may be sampled and analyzed. A second sam 
ple port 48 is included on the return line 30 of the cul 
turing loop so that medium leaving the culture cham 
bers may be sampled and analyzed. 
The waste removal and concentration loop 16 in 

cludes a hollow ?ber cartridge 50, a mechanism 52 for 
producing a back pressure within the hollow ?ber car 
tridge, a pump 54 for providing motive force to transfer 
medium 18 from the reservoir 12 and through the loop 
16 and back to the reservoir, and a supply medium 
tubing line 56 for removing medium from the reservoir 
and a return tubing line 58 for returning medium back to 
the reservoir. 
The hollow ?ber cartridge 50 is of a type having an 

outer shell 59 and an inlet end 60 and an outlet end 62 
and a plurality of hollow ?ber membranes (not shown) 
having semipermeable membrane walls potted proxi 
mate the ends 60 and 62 which is well known in the art. 
Suitable hollow ?ber cartridges are commercially avail 
able by such companies as Erika Inc., a division of Na 
tional Medical Care of Rockleigh, NJ. and CD Medi 
cal, Inc. of Miami Lakes, FL, or the cartridge 50 may be 
of the type described in US. patent application entitled 
“Method and Device for culturing Cells,” Ser. No. 
789,649, ?led on Oct. 21, 1985 by Martinez et al and 
assigned to the same assignee as the present application. 
The hollow fibers of the cartridge 50 are of a porosity 

that permits waste components to pass through the 
membrane walls while retaining larger components 
such as product produced by the cells having a molecu 
lar weight of greater than 6,000. The cartridge 50 also 
contains a port 76 in ?uid communication with the 
space in the cartridge between the shell and the hollow 
?bers and is ?uidly connected to a tubing line 78. The 
line 78 is used to remove permeate containing the waste 
components Once back pressure produced by the back 
pressure mechanism is stopped, permeate ?ow stops 
even if pump 54 continues to run. 
The pump 54 is preferably a bellows-type pump that 

is well known and includes an inlet end 64 and an outlet 
end 66. The pump 54 is preferably located on an up 
stream side of the hollow ?ber cartridge 50 and pumps 
medium from the reservoir 12 through the hollow ?ber 
cartridge 50. 
The mechanism for producing back pressure 52 in 

cludes an end portion 68 of the return line 58, a line 
restriction 70, such as an ori?ce for restricting ?ow, and 
a bypass conduit 72 made of a tubing section with a 
pinch-type valve 74 for pinching the tubing. 
A harvesting tubing line 82 is ?uidly connected to the 

line portion 68 between the ori?ce 70 and the line 72. A 
pinch-type valve 84 is positioned to operate on the 
tubing line 82 for selectively closing and opening the 
line 82. The harvesting line 82 is preferably positioned 
between the back pressure mechanism 52 and the car 
tridge 50 to use the back pressure to provide a force to 
expell product-containing medium through line 78. The 
line 78, however, could be positioned anywhere along 
the loop 16 or in the reservoir using a separate pump to 
force product-containing medium through line 78. 
The reservoir 12 includes a ?uid-retaining housing 

86, a cover 88 and a securing lid 90 to secure the cover 
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onto the housing 86 as illustrated in FIG. 3. The housing 
86 contains a bottom wall 92. A vertical lower side wall 
portion 94 extends upwardly from the bottom wall 92 
forming a lower primary medium-retaining chamber 96. 
A secondary medium retention chamber 98 is formed by 
a wall 100 which is joined at a weir section 102 of the 
wall 94. The weir section 102 extends upwardly only a 
portion of the height of the housing 86. The housing 
also includes an upper primary medium-retaining wall 
104 which is joined to the walls 94 and 100 by a shoul 
der wall section 106. 
The cover 88 includes a plurality of tubing connec 

tors that extend above the cover 88. The tubing connec 
tors include a tubing connector 107 for connection with 
the common return line 32, a tubing connector 108 
which is connected to a vent line 109, a tubing connec 
tor 110 which is connected to the supply line 26, a tub 
ing connector 112 is connected to a level sensor line 
114, and a tubing connector 116 which is connected to 
the supply line 56. A return conduit 118 in ?uid connec 
tion with the connector 107 extends downwardly into 
the housing ending above the shoulder wall section 106 
of the housing. A supply conduit 121 in fluid connection 
with the connector 110 extends downwardly into the 
primary lower medium~retaining section 96. The con 
nector 112 is positioned over the secondary medium 
retaining section 98. A supply conduit 120 is in ?uid 
connection with the connector 116 and extends down 
wardly into the secondary medium-retaining section 98. 
The lid 90 includes threads 91 and the housing 86 

includes threads 93 for engagement to secure the cover 
88 in place. ’ 
A level sensor 122, diagrammatically illustrated in 

FIG. 2, senses the level of medium in the reservoir 
through the line 114. A section of stainless steel tubing 
115 is in ?uid communication with the connector 112 
and extends downwardly into the secondary medium 
retaining section 98. The level sensor 122 used in a 
working embodiment of the present invention is a pres 
sure sensor wherein an air ?ow is provided through the 
line 114 and the tubing 115 and the backpressure is 
measured to obtain a reading of the level. However, 
other types of level sensors are included within the 
present invention that accomplish the same purpose, 
that is, measuring the amount of medium within the 
reservoir. 
The supply tubing 120 is also positioned in the sec 

ondary medium-retaining section 98 preventing all of 
the medium from being withdrawn from the reservoir 
12 during a harvesting cycle or a waste removal cycle. 
The level sensor 122 is disposed within the secondary 
medium-retaining section 98 to provide an alert when 
substantially most of the medium has been withdrawn 
from the reservoir. The weir section 102 prevents all of 
the medium being withdrawn from the reservoir and 
protects the cells being cultured in the culturing cham 
bers 24 if the culturing loop 14 is being operated during 
a waste removal or a concentration product cycle. 
When the waste product level in the medium reaches 

a level that is deleterious to the cells, the pump 54 is 
started to remove medium 18 from the reservoir 12 and 
pump the medium through the lumens of the hollow 
?bers in the cartridge 50. Simultaneously, the valve 74 
is placed in a closed position with medium permitted to 
?ow only through the ori?ce 70. The ori?ce 70 is suf? 
ciently small to cause a back pressure within the lumens 
of the hollow ?bers in the cartridge to aid in the transfer 
of waste components across the ?ber walls. In the waste 
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removal cycle, the check valve 80 is opened and the 
waste product ?ows from the cartridge 50 through the 
line 78. 
The loop 16 can also be used to harvest any useful 

product produced by the cells such as an immunoglobu 
lin. The harvesting can occur during each waste re 
moval cycle by opening the valve 84 and permitting 
product-containing medium to ?ow through line 82. 
However, it is preferred that the product be further 
concentrated unless it has a deleterious effect on the 
cells within the culturing chambers 24. Consequently, 
harvesting does not typically occur during every waste 
removal cycle. Harvesting occurs at a predetermined 
product concentration level which depends on how the 
cell being cultured is affected by product concentration 
levels. When the product reaches the predetermined 
concentration within the medium, the pinch valve 74 is 
placed in the closed position and the pinch valve‘ 84 is 
placed in the open position. The pump 54 pumps me 
dium from the reservoir 12 and the product is collected 
through line 82. The pinch valve 80 may be opened 
during the harvesting cycle to remove the waste com 
ponents. 
During the harvesting cycle, the culturing loop 14 is 

typically closed off from the reservoir 12 by placing 
valve element 42 in an open position and valve element 
40 in a closed position thereby creating a secondary 
culturing loop 130 that bypasses the reservoir 12 as 
illustrated in FIG. 2. The secondary culturing loop 130 
is retained in operation until the medium level within 
the reservoir 12 is returned to its normal position. The 
culturing loop 130 protects the cells being cultured in 
the culturing chambers 24 from high concentrations of 
product or waste or higher osmotic pressure which 
exists within the reservoir during the harvesting cycle 
or the waste removal cycle. However, if it is desired to 
subject the cells to such concentration levels, the cultur 
ing loop 130 is omitted. When it is desired to return to _ 
the culturing loop 14 that draws medium from the reser 
voir 12, the valve component 42 is placed in a closed 
position, and the valve component 40 is placed in an 
open position. 
A medium replenishment pump 132 is included to 

replenish medium drawn off, especially after the con 
centration cycle. The medium replenishment pump 132 
is preferably ?uidly connected to the supply line 56 by 
a line 134 upstream of the cartridge 50. Positioning the 
medium replenishment pump 132 upstream of the car 
tridge 50 permits fresh medium to ?ow through the 
lumens of the cartridge 50, scrubbing any high molecu 
lar weight components that have been retained on inte 
rior surfaces of the ?bers. During medium replenish 
ment, the valve 74 is open to provide the highest flow 
rate possible through the loop 16. However, the me 
dium pump 132 may be positioned anywhere in the 
apparatus if desired. 
A factor pump 136 is positioned on the return line 30 

of the culturing loop 14 and is ?uidly connected to the 
line 30 by a line 138. The factor pump 136 provides 
secondary factors to the medium, such as glucose, 
serum, and the like, depending on need. The factor 
pump may be operated during the waste removal cycle 
wherein glucose and other low molecular weight sub 
stances are removed along with the waste component. 
The factor pump is also operable during a harvesting 
cycle when high molecular weight proteins and serum 
needed by the cells are drawn off with the product and 
must be replenished. 
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The various pumps and valves may be placed in oper 
ation manually to provide the sequence that is desired 
with the particular cells being cultured. However, it is 
preferred that the valves and pumps are operated 
through a suitable microprocessor or microprocessors 
(not shown) the use of which to operate valves and 
pumps in cell culturing devices is well known in the art. 

In summary, the apparatus of the present invention 
provides for a method to culture cells, remove waste 
components from the culturing medium, concentrate 
product within the medium, and replenish medium as 
needed along with adding any secondary factors that 
may be needed by the cells. The apparatus provides 
versatility in that the cell culturing loop may be isolated 
if the waste component level or product level is delete 
rious to the cells being cultured. In addition, the present 
invention keeps higher molecular weight components 
of the medium along with the product while removing 
only low molecular weight materials in the waste re 
moval cycle, thus reducing the necessity of adding high 
molecular weight serum components and eliminating 
the need for a separate separation of the product from 
high molecular weight components in the medium. 
Although the present invention has been described 

with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A cell culturing apparatus comprising: 
reservoir means for retaining a supply of ?uid me 

dium; 
a ?rst medium circulating loop in ?uid communica 

tion with the reservoir means and in which cells are 
being cultured in the ?uid medium and having ?rst 
means for transporting the medium from the reser 
voir means and back to the reservoir means; and 

a second medium circulating loop in ?uid communi 
cation with the reservoir means including means 
for removing waste components from the medium 
and for concentrating cell products within the me 
dium including: 
second means for transporting the medium from 

the reservoir means and back to the reservoir 
means in ?uid communication with the reservoir 
means; 

mass transfer means having a semipermeable mem 
brane permitting selective transfer of the waste 
components from the medium and for retaining 
cell products within the medium in ?uid commu 
nication with the second means for transporting 
so that medium ?ows along one side of the mem 
brane; 

?ow restriction means in ?uid communication with 
the ?rst conduit means and a ?rst bypass means 
selectively positionable in a closed and open 
position such that when in the closed and open 
position the medium is forced to ?ow through 
the ?ow restriction means creating a back pres 
sure in the mass transfer means; and 

means for removing concentrated product and 
medium comprising a product harvest line with a 
second valving means positionable to close and 
open the harvest line wherein the means for 
removal is in ?uid communication with the ?rst 
conduit means in position downstream of the 
?rst bypass means and upstream of the ?ow re 
striction means. 
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2. The apparatus of claim 1 wherein the second means 

for transporting the medium includes ?rst conduit 
means wherein medium is drawn from the reservoir 
means and including pumping means in ?uid communi 
cation with the ?rst conduit means for providing motive 
force for transporting the medium through the mass 
transfer means. 

3. The apparatus of claim 2 wherein the pumping 
means is located upstream from the mass transfer means. 

4. The apparatus of claim 1 wherein the mass transfer 
means is a hollow ?ber cartridge in ?uid communica 
tion with the ?rst conduit means. 

5. The apparatus of claim 4 wherein the hollow ?ber 
cartridge has a port that is ?uidly connected to a waste 
removal line. 

6. The apparatus of claim 1 and further including 
medium replenishment means including ?rst pumping 
means in ?uid communication with'the ?rst conduit 
means upstream of the mass transfer means for replen 
ishment of medium removed from the apparatus. 

7. The apparatus of claim 2 wherein the reservoir 
means includes a medium-retaining housing having a 
side wall, a bottom wall, and a weir extending upwardly 
from the bottom wall, the weir and the side wall form 
ing a secondary medium-retaining section and level 
sensing means extending into the secondary medium 
retaining section. 

8. The apparatus of claim 7 wherein the ?rst conduit 
means has a suction end portion disposed within the 
secondary medium-retaining section. 

9. The apparatus of claim 8 wherein the ?rst medium 
circulating loop has a suction end portion disposed 
outside the secondary medium-retaining section in the 
reservoir means. 

10. The apparatus of claim 1 wherein the ?rst medium 
circulating loop includes a cell culturing means, ?rst 
conduit means ?uidly connecting the culturing means 
with the reservoir means for providing a passage for 
medium from the reservoir means to the culturing 
means and second conduit means ?uidly connecting the 
culturing means with the reservoir means and providing 
a passage for return of the medium from the culturing 
means to the reservoir means and a bypass means for 
selectively bypassing the reservoir means and having 
third conduit means with one end in ?uid communica 
tion with the ?rst conduit means and another end in 
?uid communication with the second conduit means 
and a third valve means for selectively providing flow 
through the third conduit means and for selectively 
shutting off ?ow in the third conduit means. 

11. The apparatus of claim 10 wherein the third valve 
means includes a ?rst valve component positioned to 
selectively restrict and permit ?ow of medium in the 
?rst conduit means upstream of the fluid connection 
between the ?rst conduit means and the third conduit 
means and a second valve component positioned to 
selectively restrict and permit ?ow in the third conduit 
means. 

12. The apparatus of claim 11 and further including 
second pumping means in ?uid communication with the 
second conduit means for providing medium replenish 
ment to the reservoir means. 

13. A cell culturing apparatus comprising: 
reservoir means for retaining a supply of ?uid me 
dium including a medium retaining housing having 
a side wall, a bottom wall, and a weir extending 
upwardly from the bottom wall, the weir and the 
side wall forming a secondary medium retaining 
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section and level sensing means extending into the 
secondary medium retaining section; 

a ?rst medium circulating loop in ?uid communica 
tion with the reservoir means and in which cells are 
being cultured in the ?uid medium and having ?rst 
means for transporting the medium from the reser 
voir means and back to the reservoir means; and 

a second medium circulating loop in ?uid communi 
cation with the reservoir means including means 
for removing waste component from the medium 
and for concentrating cell products within the me 
dium including: 
mass transfer means having a semi-permeable mem 

brane permitting selective transfer of the waste 
components from the medium and for retaining 
cell products within the medium in ?uid commu 
nication with the second means for transporting 
so that medium ?ows along one side of the mem 

brane; 
a second means for transporting the medium com 

prising a ?rst conduit means wherein the me 
dium is drawn from the reservoir means and 
including a pumping means in ?uid communica 
tion with the ?rst conduit means for providing 
motive force for transporting the medium 
through the mass transfer means; and 

means for selectively producing a back pressure in 
the mass transfer means such that the waste com 
ponents are forced to transfer through the mem 
brane. 

14. The apparatus of claim 13 wherein the ?rst con 
duit means has a suction end portion disposed within the 
secondary medium retaining section. 

15. The apparatus of claim 14 wherein the ?rst me 
dium circulating loop has a suction end portion dis 
posed outside the secondary medium retaining section 
in the reservoir means. 

16. Cell culturing apparatus comprising: 
reservoir means for retaining a supply of ?uid to the 
medium; 

a ?rst medium circulating loop comprising a cell 
culturing means, a ?rst conduit means ?uidly con 
necting the culturing means with the reservoir 
means for providing a passage for medium from the 
reservoir means to the culturing means and a sec 
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0nd conduit means ?uidly connecting the culturing 
means with the reservoir means and providing a 
passage for return of the medium from the cultur 
ing means to the reservoir means and a bypass 
means for selectively bypassing the reservoir 
means and having a third conduit means with one 
end in ?uid communication with the ?rst conduit 
means and another end in ?uid communication 
with the second conduit means and a third valve 
means for selectively providing ?ow through the 
third conduit means and for selectively shutting off 
the ?ow in the third conduit means; and 

a second medium circulating loop in ?uid communi 
cation with the reservoir means including means 
for removing waste components from the medium 
and for concentrating cell products within the me 
dium including: 
second means for transporting the medium from 

the reservoir means and back to the reservoir 
means in ?uid communication with the reservoir 
means; 

mass transfer means having a semi-permeable mem 
brane permitting selective transfer of the waste 
components for the medium and for retaining 
cell products within the medium in ?uid commu 
nication with the second means for transporting 
so that the medium ?ows along one side of the 
membrane; and 

means for selectively producing a back pressure in 
the mass transfer means such that the waste com 
ponents are forced to transfer through the mem 
brane. 

17. The apparatus of claim 16 wherein the third valve 
means include a ?rst valve component positioned to 
selectively restrict and permit ?ow of medium in the 
?rst conduit means upstream of the ?uid connection 
between the ?rst conduit means and the third conduit 
means and a second valve component positioned to 
selectively restrict and permit ?ow in the third conduit 
means. ’ 

18. The apparatus of claim 17 and further including 
second pumping means in ?uid communication with the 
second conduit means for providing medium replenish 
ment to the reservoir means. 
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